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4e objective of this paper is to present a detailed

explanation of the OPDEP plant layout program, and contrast it

with ALDEP, the program upon which it is based. An explanation

of the ALDEP program is presented first, along with a critique

of its performance, then two improved versions are discussed.

The first improved version 1 /called ALRANDOM, ""tr"erely

generates layouts according to the modified output of a random

number generator. The second version- Vji6called OPDEP, .This

program is considerably more sophisticated than the others,

and generates its layouts according to a complex heuristic

algorithm. This algorithm optimizes the epartment selection

process by analyzing the portion of the layout already

Icompleted before making the next departmen't sel"ection.

Detailed instructions for using the program, as well as

methods for getting the best results from the program are

provided. Finally, a comparison of the thr'ee programs on some

example problems and conclusions on their performance t '1--
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CHAPTER I. INTRODUCTION

) Review of Previous Work

One of the earliest works involving a systematized

technique of plant layout can be traced to "Systematic Layout

Planning", by Richard Muther (1). He attempts to provide

procedures with sufficient structure to permit practical

problems to be solved economically with a systematic approach.

His book introduced the relationship chart and the

relationship classifications which later became the basis for

a number of the computer plant layout routines.

Computer programs for facilities layout have been in use

since 1963, when CRAFT (Computerized Relative Allocation of

Facilities Technique) was introduced (2). Computerized plant

layout routines may be classified as either 1) construction

type or 2) improvement type. The construction algorithms build

or construct a solution in an open floor area from the raw

data. The improvement algorithms require a feasible solution

as part of the input. T7he program works on this feasible

solution and improves it until no further improvements can be

f uni

A recent survey (1974) conducted by J.M. Moore (3)

indicated that there were approximately twice as many

construction routines as improvement routines. The following
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routines were identified as construction routines, the

asterisk indicates the program is widely used:

ALDEP GENOPT LSP
COL02 IMAGE MUSTLAP2
CCXP2 KONUVER PLAN
COMSBUL LAYADAPT PLANET *
CORELAP LAYOPT SISTLAP

, DOMINO LAYOUT SUMI

The following routines were identified as layout improvement

routines;

ALDEP * GRASP OFFICE
COFAD * KONUVER PREP
COSFAD LAYADAP7 SET
CRAFT *

According to a 1975 survey cinducted by the Facilities

Planning and Design Division of AIIE (American Institute of

Industrial Engineers), approximately one in three of the

participants of the survey have had some experience with

computer programs designed to assist in layout work.

Eighty-three percent of those experienced with computer aided

layout programs responded that the programs were being used

either to generate alternative layouts or to evaluate

alternative layouts. The survey also indicated some

dissatisfaction with the inability of most plant layout

programs to generate practical or usable layouts, but most

users indicated the programs were of some value in the early

stages of design work in eliminating many of the inefficient

or unuseable layouts.

!IzIz~I



The author, in preparing to write the OPDEP program,

obtained copies of several of the above programs and

information on most of them by writing to the addresses listed

in J. M. Moore's previously referenced international survey.

COFAD is one of the most recent programs developed, and

also appears to be one of the most useful (4). It is a

sophisticated version of CRAFT which includes expanded cost

and alternative material handling data that is used in

designing the layout. The layouts generated by this program

are quite realistic but seem to lack imagination and

creativity.

CORELAP is another routine which seems to give generally

good results on most layout problems (5). It is unique in its

design approach in that the first department placed in the

layout is always the one which has the highest cumulative

preference for other departments. The first department is

always placed in the middle of the layout to ensure adequate

space for all preferred departments to be placed around it. Of

all the layout algorithms investigated by the author, CORELAP

seems to generate the most consistently good designs. The

logic that ensures the first department to place will always

be one with a high number of preferences for other

departments, also prevents the program (CORELAP)from

experimenting with other layouts using different departments

at the center. This tends to limit the flexibility and



creativeness of the designs. It seemed to the author that the

primary advantage of the computer is its speed in creating and

evaluating different designs. Therefore, it did not seem

logical to unnecessarily limit the creative potential of the

design program. This was the approach taken in the development

of OPDEP.

Many of the routines are restricted to very specialized

portions of plant layout problems and cannot be used for

actual design or evaluation of designs (IMAGE, CRAFT, LAYOPT)

(6),(7). Others can be used for design but only to the degree

that the building must be built around the layout (KONUVER,

PLANET, SISTLAP) (3),(8). The most versatile of the programs

studied by the author was ALDEP (9), because so many

restrictions on the design can be imposed by the user.

Unfortunately the ALDEP program, though versatile, does not

always produce results that are very useful to the plant

layout designer.

It would be a very interesting experiment to compare all

of these programs on a standard layout problem and make a

relative ranking of' their effectiveness based on a comparison

of their designs. However, the evaluation of the designs would

have to be staniardized and conducted on the basis of the same

~criteria to make the ranking a valid one. The output from each

of these programs is quite different and to evaluate them 31l

by the same method would be very difficult. The author decided



on the basis of a subjective comparison that the program with

the most potential for pure design work was ALDEP, even though

its designs were not as good as several of the other programs.

The author was first introduced to the ALDEP program

while using it to make plant layouts for an industrial

Engineering Design course at Iowa State University. It was

discovered, after running the program extensively, that the

layouts produced were of little value and the program seemed

very insensitive to changes in the input data. To make this

program more useful as a plant layout design tool, it seemed

desirable to make some improvements in the way the program

interpreted and used the data input to it. "ierefore, the

author undertook the task of rewriting the program. As it

turned out, the most difficult thing to do was to fully

understand the original program. This was partly due to the

lack of comments used by the original programmer, as well as'I to the early unstructured style of Fortran programming used in

j writing the program.
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Statement of Objective

The objective of this paper is to present a detailed

explanation of the OPDEP plant layout program, and contrast it

with ALDEP, the program upon which it is based. An explanation

of the ALDEP program is presented first, along with a critique

of its performance, then two improved versions are discussed.

The first improved version is called ALRANDOM, which merely

generates layouts according to the modified output of a random

number generator. The second version is called OPDEP. This

program is considerably more sophisticated than the others,

and generates its layouts according to a complex heuristic

algorithm. This algorithm optimizes the department selection

process by analyzing the portion of the layout already

completed before making the next department selection.

Detailed instructions for using the program, as well as

methods for getting the best results from the program are

provided. Finally, a comparison of the three programs on some

example problems and conclusions on their performance is

presented.

4



CHAPTER i1. THE LOGIC OF THE PROGRAMS

Explanation of ALDEP

The ALDEP program was written by Wayne 0. Evans of IBM in

1967. The program is marketed by IBM and has been used widely

as a computer aid to plant layout. The program consists of a

main program and 4 subroutines; they are: DECODE, ASSIGN,

LAYOUT and EVALU. The main program first initializes the

various arrays and variables used throughout the program and

assigns the required constants. Next, the input data, with the

exception of preassignment data, are read in. The input data

will be explained in detail in Chapter III - Example Problem,

so it is only listed here. The input data consist of a date

and run code, random number generator seed, design parameters

to control the patterns used in the layout process, a variable

j format for each of the three floors, square size, rounding

*factor, number of layouts desired, minimum acceptable score to

print out, value of a necessary relationship, department

numbers and areas, preference matrix and finally

[! preassignments, followed by a trailer card to iriz - t

of the run or the start cf another data set.

The DEC2DE subroutine is then zalled to zonvert t'-,e

letters A, E, 1, 0, U, and X in the preference2 T. rix tt n-p,

built-in integer values of the program. The .r- en:e ,..:rix



is a matrix whose row and column intersections contain the

desired relationship between the department represented by the

row, and the department represented by the column. The A

preference represents a relationship between two-departments

which Absolutely requires they be close to each other. The E

preference represents a relationship between two departments

which Especially requires they be close to each other. The I

preference represents a relationship between two departments

signifying it is Important they be close to each other. The 0

preference represents a relationship in which closeness is

Optional. The U represents a relationship in which closeness

is Unnecessary, and the X represents a relationship in which

closeness is eXtraordinarily undesirable (1). The built in

values corresponding, to the letters A through X are 64, 16, 4,

1, 0, and -1028 respectively. Obviously A represents the most

important positive relationship and the other letters

represent a less important positive relation in descending

order to X which has a negative relationship. The DECODE

subroutine translates this matrix of letters into one

containing only integers for more efficient interpretation by

the program.

Th? ASS7Gl subroutine 's cailed next to read in data on

departments that are restricted to a particular floor in a

imiltifloor layout, or to restrict departments to specific

squares within a floor. This prevents these departments from



being laid out at the discretion of the program. To do this,

the ASSIGN subroutine tabulates a matrix of these

preassignments, and then equates it to the layout matrix at

the start of every layout, so preassigned departments will

always be in the same location. ASSIGN also builds a two

dimensional array called KFLOR, which contains the department

numbers to be laid out on each floor and keeps track of the

departments which have and have not been laid out as the

design progresses.

The LAYOUT subroutine is called repeatedly for as many

layouts as are specified, to perform the actual design.

process. The first step is to generate a randomly ordered

array of numbers which correspond to the numbers of the

departments being laid out (no duplicate numbers). LAYOUT uses

a self-contained random number generator, identical to the

RANDU subroutine available with most Fortran compilers. In

ALDEP, the random array NRANDM is used to select the first

department to lay out each time it is called and also to

choose subsequent departments, when one cannot be found by

searching the preference matrix. The first number in NRANDM,

which was not preassigned is used as the first department to

lay out. The first number which has not been laid out or

preassigned is used when :hoosing the next department to lay

out.

The next step in LAYOUT is to verify that the departments

I,
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with their respective areas, as input, can be fitted into the

dimensions of the building specified in the input data. If

not, an appropriate diagnostic message is printed out;

otherwise the program continues and begins the actual design

work.

The dimensions of the layout matrix and the input sweep

length are combined to make an if loop/do loop combination,

which determines the pattern the layout design will follow.

The design starts in the upper left hand corner of the layout

matrix and moves right in a do loop until the sweep length is

reached as the upper limit of the do loop. Then the row number

is incremented by one, which moves the pattern down to the

second row. Here the if loop takes over and moves from right

to left until it has moved left a distance equal to the sweep

length. The row number is incremented again to move the

pattern down to the third row and the do loop begins again to

move right. This zig zag pattern continues until the bottom of

the matrix is reached. At this point, the upper and lower

limits of both loops are adjusted so the pattern continues

just to the right and mnoves upward. The same sequence is

continued until the m.3trix has been completely filled, orI there are no more departments to place. The following diagram
shows this pattern graphIcally:
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start_

sweep length: 2

building width= 5

building depth= 4
---- - -- - ---- -- - -- -

start in column 1

I I I - I

finish

This design pattern can be modified by changing the sweep

length parameter or the column to start placement parameter.

Now that the pattern is determined, the manner in which

departments are selected for placement will be discussed. As

mentioned previously, the first department to place is always

the first number contained in the NRANDM array that has not

already been preassigned. This department is laid out in the

design pattern until the number of squares it is to occupy is

reached. The number of squares is contained in the variable

K11T which is reset each time a department is selected. The

program first tests the particular square it is about to fill

with the current department number, to make sure it is empty

(contains a zero). If it is not empty the design pattern is

continued until the next empty square is found. This prevents

overwriting on top of a square which was intended to be
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preassigned. Preassigned means the user has specified that a

department be placed in a specific square or squares.

The program is now ready to lay out the next department.

To move the program in the right direction in its search for

good layouts, the author of ALDEP used a search procedure on

the decoded preference matrix to select subsequent departments

to lay out. This search procedure takes the number of the

department just laid out as the column number of the

preference matrix to search. However, it does not search all

the positive values for a maximum. It only searches until it

finds a value for a preference greater than or equal to the

input value of a necessary relationship, hereafter referred to

as MUST. This, in effect, tells the LAYOUT subroutine that a

preference must be at least equal to this value to be

considered for selection as the next department to place,

provided it has not already been laid out or is not

ii preassigned. The problem with this approach is that to have

all preferences considered in the design as they should be,

the value of MUST has to be specified as some relatively small

number, say ~4 or 1. Then, when LAYOUT does its search, it may

[ find a 4 as one of the first preferen- es in the column and

will select that department number which corresponds to the

preference as the next one to place. The search stops there.

However, there may very well be several other values in the.4 column that are much higher and would have been better
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choices.

Evans (9), the author of ALDEP, attempts to compensate

for this problem by recommending that only the A preference

value be used as the value of the necessary relationship. This

only prevents the program from considering preferences that

are smaller than the maximum value, forcing the use of the

random number array as the primary means of selecting a

department, when all the values in the preference table should

be used. What about the case of a column that contains several

preferences smaller than MUST? The ALDEP program does not

consider these and goes on to select the next department

randomly with little chance of it being the one which will

optimize the layout at that point. The search procedure makes

no provisions for the case where several preferences that are

greater than or equal to MUST are found, but have the same

value (ties). The procedure always chooses the first one found

that has not been placed. This logic steers the program in the

same direction on each design, while random selection among

the tied departments may steer the program towards some

altogether different and preferable layout.

7vans was attempLng to 3uide Lhe progran in tne

selection proce3s, while 1e0ttinz t-he variability that is

inherent in a random numbeO 3enerator, eventually lead to an

optimal design. What a-;ually occurs in most layout problems

is that the search procedure consistently guides the layout in
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the same direction, so the same designs are found over and

over again, and they are by no means the best ones.

The following table presents a very simple preference

matrix which will illustrate the nonoptimality of this search

procedure.

Table 1 Example Preference Matrix *

1 2 3 4 5 6 7 8

101 0 0 32 0 32 32 64 1
102 0 0 4 32 0 32 0 1
103 32 4 0 0 1 64 64 16
104 0 32 0 0 16 0 64 16
105 32 0 1 16 0 16 0 0
106 32 32 64 0 16 0 16 0
107 64 0 64 64 0 16 0 64
108 1 1 16 0 0 0 64 0

• Assume for this example that:

NRANDM = 103,101,102,107,106,
103,105,104 and MUST = 64

In this example, 103 would be the first department placed

by the program since it occurs first in the IRANDM array. The

column corresponding to 103 is searched first to find that

department whose preference to be placed next to 108 is the

highest. The ALDEP procedure operates satisfactorily on this

column because there is a value equal to must in the seventh

row which corresponds to department 107. Therefore, department

pN
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107 will be placed next, since it has not been placed already

and is not preassigned. The column for 107 is now searched;

the procedure fails here because both 103 and 104 have a

preference of 64, but since 101's preference occurs first,

they are not even considered and have no chance to be selected

on subsequent runs beginning with 103. Instead, 101 is

selected and laid out. When 101's column is searched, the

search fails since the only 54 belongs to 107, which has

already been laid out. Departments 103, 105 and 106 would have

been good choices but were ignored by the search. The program

is forced to use the random number array for selection and 102

is chosen since 103 and 101 have been laid out. Department 102

is obviously not the best choice. The sequence can be

continued to demonstrate other nonoptimal choices resulting

from this search procedure. If the ALDEP search procedure

fails frequently enough the program chooses the departments

randomly and eventually designs some good layouts. More often

than not however, the sequence becomes locked into some

undesirable order, and the good designs are never found. The

LAYOUT subroutine continues in this manner until all the

departments heve been laid out, then the EVALU subroutine is

called to score the design just completed by LAYOUT.

EVALU scores each square in the layout matrix

individually, according to the preference matrix. At the start

of the evaluation, a copy of the preference matrix is made

-- -- 9
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from the original and use- one time only. Each preference that

is satisfied by the layout is ad]ed to the layout score and

then set to zero in the copy, until all the sciares have been

evaluated. At the end :f th- evaluation, each preference thaL

has not been satisfied is still in this copy of the preference

matrix, but all the others are zero. Tc find those preferenc!es

not satisfied by the laycut, the progra,, tallys all those that

remain in the copy of The preference mtrix. This list is

printed below each layout matrix on the program output. The

value of a necessary relationship, th3t was input by the user,

determines th minimum preference to consider in making the

list of preferen-es that were not satisfied. If a value of 64

(A) is input as the value of a close relationship. then only

the A preferences that were not satisfied are listed. In a

large complex layout problemn, it is not Jnusual to have

several pages of unsatizfic preferences listed, if a small

value is input for rhE value? of -. :iose relationship. EVALU

considers a preferenze to be satitfie.: when the two

departments involve. - r-.' a r-cent to ecc. other,

either diagonally zr pse,: ic l=r. * one sqare separates

two lepartments. tie .r ' reer ,.- -;3 sc. dre, s sa;isf e .

This is a feati-e.c of :-. ,.c::on suzr:.cjt n that c~n :ause

good layouts to e over.:c'<ea t; tie p,.ra,. . r n um'-er

of departments c3-, se lai: ut . o',n sqO. ;.3re separzting

them, so that their preferen ce is not ad"ed to the zcore in
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one layout. In another layout, these same departments can be

laid out separated by many squares and receive the same score,

provided that everything else is the same. In other words, the

"all or none" criterion of the evaluation considers a short

separation to be as bad as a large separation between

departments.

Explanation of ALRANDOM

The ALRANDOM program is very much like ALDEP, except that

the preference matrix is ignored entirely during the design

process, and is used only to evaluate the design after it is

completed. The selection sequence of subsequent departments is

done entirely by the random number generator, so that any

tendency towards a certain selection sequence is theoretically

eliminated. If there is a bias in the random number generator,

then of course this bias will affect the selection sequence

also. The serious disadvantage of this program is that

3lthough it is free to pursue any possible sequence of

department selections, the number of different random number

arrays possible for an average layout problem is astronomical.

For a small number of departments, say 20, the number of

different randomly ordered arrays containing the numbers 1

through 20 is 20 factorial !) or 2.432902 times 10 to the
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18th. That is 2.43 billion billion different possibilities.

Experience with the program indicates that for an average

layout of 20 departments, approximately 5 layouts can be

designed, evaluated and tested / second of CPU time on the

Digital - VAX 11/780 system. Therefore, a minimum of

15,429,363,000 years of CPU time on the VAX system would be

required to design, evaluate and test all the possible layouts

from the ALRANDOM program. This is assuming that the random

number generator is a perfect one anJ that its period of

repetition is larger than 20!. Most computerized random number

generators have a period of repetition that is a large number,

but one might wonder if the perioa could be large enough to

give satisfactory results on a problem such as this one.

To determine if the period of the random number generator

is a limiting factor in the performance of the ALRANDOM

program, the author wrote a program to find the average number

of cycles the generator goes through before the first

j duplicate of the first NRANDM array is generated.

Theoretically, the average number of cycles a perfect

generator should go tnrough before sUzhn a duplicate array is

generated is N!, where N is the number of elements in the

array. This is beceuse these various numbers of cycles

reqiired by the generator :on-:)r to -he geometric

distribution. The expet-?: _ -iue :f tn.; mean of the geometric

Jistribution is given by l'?, w e^? ? is the probability of
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generating a duplicate in any given attempt (10). For example

with an array size of 6 randomly ordered numbers between 1 and

6 (each number is contained only once in an array) there are

6! or 720 different arrays that can be generated. Therefore,

over a large number of generations, the average cycles between

duplication of the first array should tend toward this number

of different possible arrays (720). This expectation is

confirmed by the program, at least for the small array sizes

(3,4~,5,6,7,8,9 and 10) that are practical, in terms of cpu

time for this test program to process. This test program is

4 contained in Appendix B. It should be reasonable to

extrapolate these results to the larger array sizes, to the

extent that the duplications of any given array will not occur

in the 9,999 Layouts that are possible in any one run of this

program. Therefore, the random number generator used in these

I programs (UNI) should not be a limiting factor. In all the

I array sizes mentioned above, the average number of cycles of

4 the generator required before the first duplicate (of the

object array) was found, was within 1 percent of the factorial

of the array size. Layouts with more than 8 departmen' 3 CS! is

40,320) require such a large amount of computer time for

ALRAND'JM to design all possible layouts, that it becomesI impractical to use. Unfortunately, the larger the layout is,

the more benefit a layout optimization program can be in

designing the layout.



20

As fast as the latest generation of digital computers has

become, they are not yet fast enough to make this random

design approach practical. Some form of optimization must be

used to eliminate the vast majority of unacceptable layout

designs.

This program was written to serve as a baseline with

which to compare the other programs. In order to tell how

effective the program is in developing good layouts, it is

necessary to know what part of the layout score can be

attributed to random chance. This can be determined by

comparing the score of ALRANDOM on a particular data set to

the other programs using the identical data set. ALRANDOM uses

the same random number generator, so meaningful comparisons

can be made among the three programs, provided the same

generator seeds are used. If significant improvement in the

layout scores results from using ALDEP rather than ALRANDOM on

I identical data, then it can be concluded that the program
interaction with the selection sequence has been effective.

This same type of test can be made among any of the three

1 programs for comparison purposes. The results of these tests

*are presente d 4 n Chapter :7 of this paper.
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The Development of OPDEP

The author's first attempt to improve ALDEP involved

replacement of the section of code in the LAYOUT subroutine

which searches the preference matrix with a call to another

subroutine called SELECT. SELECT, in this first version, was

a relatively short subroutine of about 30 statements which

searched the appropriate column of the preference matrix. The

search procedure used was considerably different than the one

used in ALDEP; no minimum value was specified to use in

searching the column in the preference matrix. The search was

performed for all positive preference values. These values

were placed in an array and the maximum value or values were

found and placed in another array. If ties existed in this

array, a random method of selecting one of the tied

departments was employed. The random number array NRANDM was

used to settle the tie situation by finding which of the tied

department numbers occurred first in the NRA'1DM array, and

then selecting that department to e olaced next by the LAYOUT

subroutine. As an example of this tie breaking method, assume

the column search has discovered three departments: 3, 7, and

3 whicn all have a preference of 64, to be placed next to the

department just placed by the program. Assume further that the

random number array is: 4, 1, 7, 3, 5, 6, 2, S. Since 7 occurs

4.
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first in the array, it will to selected as the next dapartrmcnt

to place. This technique provides enough variability to insure

that when several equal choices are available, eventually all

will be tried and the design will not be locked into some

narrowly defined sequence of selections. This first version

was called ALDEP2.

ALDEP2 resulted in si-.nificant improvement in every

layout problem attempted. Good designs were generated much

sooner than with ALDEP, and very good ones were eventually

generated that could never be g.nerated using ALDEP. There was

still a problem, however, when preassigned departments were

placed in the layout matrix.

When the search of the preference matrix is done, the

previously placed department number is used as the column

number to search in the preference --tri× To receive

consideration as a decartment to place some other department

next to, the department !nusz. first be placed by the LAYOUT

subroutine. Then the dep'rtent numnber is passed to SELECT as

the one for which t.o opt im ze the .x t zelection. Preassigned

departments are never . cel l The L. , u sur out ine . Because

they are in the lyot .... mrix a t e AY iS 1 e ld,

they receive no more ::nzde-2tion tnin t,.. bo.. .naries of' the

matrix.

Another shortcoming of ALDEF2 w 4 ts fa:lure -o fully

utilize available information or t e J epartinents alre ,y i
._ , ,y
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the program, those remaining to be placed, and their

respective preferences. It was decided that LAYOUT should pass

the coordinates of the next empty square in the design pattern

to SELECT rather than passing the last department number

placed. Then, SELECT should look at all the squares which

surround the one passed to it and see which of these 8 squares

already have departments contained in them. The ones which

contain numbers should all be given consideration when

attempting to optimize the choice of the next department to

place. In this manner, departments in any of these 8 squares

which have been placed by the program, or preassigned by the

user, would receive equal consideration by the program.

To accomplish this increased "awareness" by the program

required only a few changes to the LAYOUT subroutine, but

SELECT had to be increased in length and complexity by a

considerable degree. SELECT is now over 200 statements long

and has a number of nested do loops, so the number of

* statements executed each time SELECT is called has increased

greatly.

SELECT now begins by checking what is contained in each

of te 3 squares surroundin the square whose coordinates have

been passei to it. The nonzero numbers found in these squares

are cnecked for duplicates, an placei in an array caled

PREFR without the duplicates. These values in PREFR represent

jepartments which are immediately adjacent to the square about

iv
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to be laid out; and their respective columns in the preference

matrix are all searched in precisely the same manner as Jone

in ALDEP2. Ties are also settled in the same manner as before.

Each time a column is searched and a maximum selected,

its value is placed in WINPRF. After all the appropriate

columns have been selected and their selected preference

placed in WINPRF, this array of winning selections is searched

for a "maximum of the maximums". If no ties are found for the

maximum, the department number which corresponds to the

maximum is selected to be placed next. If' ties occur in this

WINPRF array, the following procedure is followed: The

department numbers that correspond to the preferences in

WINPRF are placed in WINTIE and it is checked to see if it

contains duplicate department numbers. If it contains

duplicates, the duplicate number which occurs most frequently

is selected as the final choice and returned to LAYOUT. The

reason for this is that duplicate department numbers at this

stage indicate that placing the duplicate department will

"I satisfy at least two separate high preferences from at least

two departments surrounding the square to be laid ou.If no

duplicates are founid in WrNTIE, then the ties that are in it

for maximum preference are settled in the usual random manner.

This final selection is passed back to LAYOUT as the next

department to place in the design. Rarely, it occurs that no

preference can be found by SELECT (usually when there are only
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a few departments left to place). In this case, the LAYOUT

subroutine is signaled by SELECT to make its own choice

(random selection).

A basic assumption has been made by the author in

developing this program. The assumption is that the objective

of the design process is to place the departments which have

material handling activity between them as close to each other

as possible, with priority given to higher activity rates

(11). This is the same basic assumption stated by Muther (1)

in his previously mentioned book on plant layout. The author

acknowledges that this may be an oversimplification in certain

situations, however it is generally a valid assumption that

the cost of material handling is directly proportional to the

distance moved and the number of trips made (12).

EVALU has also been modified from the original version

used in ALDEP which only checked the 3 squares immediately9)

surrounding each square it evaluated in a design. The new

version of EVALU checks these 8 surrounding squares through

the entire design and records the score. Then it checks the 16

squares in the group immediately outside the first group of 3

to see what preferences are satisfied with one square betweenIhe -wo epartments. To illustrate this concept:

I-7
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9 10 11 12 13
X represents the square being evaluated

24 1 2 3 14 1 - 8 represent the inner square group,
9 - 24 represent the outer group.

23 3 X 4 15

22 7 6 5 16

21 20 19 18 17

The inner group of squares is scored as before but the outer

group is scored at one half the preference value when a

department in the outer group has a preference for the square

being evaluated. When the second scoring sequence is

completed, those preferences half satisfied are tallied and

the additional score is added to the first sequence score. At

the bottom of each layout, all preferences not satisfied are

printed out along with their letter value. At this point, a

note is also printed out stating how many preferences were

half satisfied and the amount they contributed to the layout

score. This method gives the evaluation a broader view of the

whole layout and allows more flexibility in the best designs

generated. It may seem that a preference could be scored twice

this way, or that a higher than perfect score could be

achieved, but this is not the case.

The main program has been greatly expanded over the

original one to provide more information about the layout in

the program output. Significant data parameters are printed

I_,
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out to enable the user to more easily find mistakes in the

input data. The program now summarizes, for all 3 floors, the

number of departments to place, the area required for

placement, the area available for placement, the preassigned

areas and the buffer areas in the layout. This summary is

printed in the program output to allow the user to verify if

all input data has been interpreted as intended and to make

errors in problem set up easier to locate. The addition of an

identifier for each workcenter, printed at the start of the

output as well as in a legend below each layout, makes the

layouts more readable and less symbolic in nature. The main

program also does the input and output file handling and

provides prompts and column numbers for all the required input

as an aid in entering the data. Error checking has also been

expanded by providing diagnostic messages for any input

conversion problems encountered by the program. The

theoretical perfect score of the job is now calculated by the

program, as well as the total number of preferences to

satisfy, and how mnany ara satisfied by any layout that is

printed out. Statistical analysis of the layout scores is also

provided at the end of the output; the highest scoring design,

the lowest scoring design and the average of all designs.I The 07-CODE sjbroutine has been changed to allow the user

to specify any 2 digit number as the value of the preferences

A -X instead of the constant values required by ALDEP. If no
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preference values are supplied to the program, it provides

default values.

This new version is called OPDEP (for Optimal Plant

Design and Evaluation Program), because it tends more toward

optimal layouts than ALDEP does. The OPDEP program contains

approximately 1400 executable statements and requires 256K of

memory compared to 500 executable statements and 128K of

memory for ALDEP. The OPDEP program is written in Digital's

"Fortran IV - Plus" language, but can easily be made

compatible with other extended Fortran languages such as

WATFIV or Fortran 77. The program is intended for use with a

CRT terminal system rather than card input but can be adapted

to batch input on cards if desired.

General Information on the OPDEP Program

A brief explanation of the way OPDEP handles the

I input/output files and an overview of the program operation is

now provided. The OPDEP user is initially confronted with
fI several questions to answer concerning the files to be used

for data input or data saving, and whether the output will

come to the terminal directly or be saved in a file for later

print-out. The file opening and 2losing is done by the

program; the user need only specify the file name to be used.
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There'are two restrictions on file names. First, when the

program asks what file the data is in, the user must enter a

valid file name. Second, a file name must be less than 10

letters long with a period after the name followed by three

letters, e.g. FILENAME1.DAT.

The user has the option of supplying data to the program

directly via prompted input or by specifying an existing file

as the location for the program to get the required data. If

the first option is chosen then the user will be asked for a

file name in which to store the data as it is entered for

subsequent reuse. if a file name is not supplied, the program

points out that the data will be lost, then continues. If the

second option is chosen then a data file must already exist.

A data file will exist once data has been entered with prompts

because the program will save the data in a specified file for

reuse later. This saves considerable time for the user in not

reentering the entire file each time the program is run,

because the program is, in effect, creating a "data card

deck". Next the program asks where to send the output. The

choices are either directly to the terminal or to a specified

output file. The file must be less than 10 Letters long with

a period and any three letters after the period. If there is

something wrong with a file name specified, the program will

supplied by the program, telling the User what to enter and
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what columns to enter it in. After the prompt message, all

column numbers are labeled to make entering the data less

confusing for the user. Some error checking is done by the

program as the data is read in with appropriate error messages

printed out when required.

The program continues to produce layouts until 9,999 per

run or all those requested have been designed. Only those that

score above some minimum score supplied by the user are

printed on the screen or saved in a file. If the output is

sent to a file rather than the screen, the user can follow the

progress of the program by a statement sent to the screen

telling the score of the current layout, if it was saved and

how many have been saved thus far.

The preference matrix is the most critical part of the

data set used by OPDEP. The program designs its layouts and

evaluates them by closely following the preference matrix. A

*high scoring layout or "perfect layout" will only be as good

Ai as the input preferences, therefore considerable work should

I go into making this preference matrix as accurate and

practical a representation of inter-departmental relationships

as possible. A preference matrix not carefully analyzed anj

prepared according to some consistent criteria will result in

plant layouts that may score high, but in reality will be :f

little value in developing a final plant layout.

The matrix may be constructed based on any criteria
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chosen, but the best results are generally obtained by using

material handling activity between departments as the primary

criterion for establishing preferences between departments. In

this program, an A represents the highest amount of material

handling activity, with E,I and 0 representing progressively

lesser amounts of activity. U represents no material handling

activity and X represents some undesirable relationship such

as the president's office being located next to a 500 ton

press. It should be noted here that the X preference should be

used sparingly since it tends to result in low scoring layouts

if used excessively with a negative value associated with it.

If used with a zero or positive value as the lowest level of

material handling activity, then the X preference does not

reduce the quality of the layouts.

The numeric values of these preferences are supplied by

the user and have no specific units associated with them, but

the intended units are pallets/day or parts/day or

barrels/week, etc. In other words, some consistently applied

uit size that is asso.:iated with material handling activity

Snust be ised. i f, for instanze, the highest mate-ial handling

a:ti' ity ir a layo-t problem is 25 pallets/iay between

t ep rtments then the user may wish to :noose the numeric value

, . A 3s -..° f the next highest amount of material han d ling

a:t.ivity is say 5 pallets/day then the value of E may be

J hosen ~s 15 an! so on down to a value of 0 for U. When
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choosing these values one should keep in mind that with only

5 relative steps to work with (A,E,I,O,U) not every different

material handling activity value that occurs in the layout

problem can be represented by a different preference letter.

So one may have to group material handling activity values and

assign some average value to the preference letters. Inclusion

of the X preference as one that represents material handling

activity gives 6 relative steps.

If it is desired to have two departments laid out close

to each other for some reason other than material handling

activity, then a high preference such as A or E may be entered
in the matrix to insure their proximity in the layouts. This

should only be done when necessary because these "artificial

preferences" tend to complicate the layout if used

excessively.

The program disregards the size of differences between

preferences, discerning only that one is larger or smaller

than another. In searching the preference matrix the program

.ooks for the highest preference in a particular column

(ww 2ther the nghest number is 1% . greater th3n all the

otiers or only 1 greater -oes not matter in cnoosing the

niniest preference). :ts cnoice iill always be the highest

vaue an in case of ties a choice is m3de among the tiej

lepartments randomly to allow for variati'ity in layoit

design. The effect of large differences in magnitude bet4een

I.
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preference values is that it makes the layout scores biased

towards those which satisfy the relationships with the large

preference values. Normally this is a desirable thing since

the user will want the higher material handling activity

departments close c~o each other. An example layout problem,

presented in the next few pages will illustrate these concepts

and serve as a modiel for setting up data files for other plant

layout problems.
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CHAPTER III. HOW TO USE THE OPDEP PROGRAM

Example Layout Problem

Consider a hypothetical factory which produces parts for

lawnmowers. It has 16 depts and the layout is restricted to an

area of 5000 sq ft approximately 63 ft by 79 ft.

The first line of data required by the program is the

date and the name of the layout. The date must be entered in

cols 2-21 and the layout name must be entered in cols 22-41.

Here is the way the first line appears:

December 1, 1979 RECOIL STARTER MFG.

The next line contains two seeds for the random number

generator. These numbers must be odd, positive integers 4

digits long and they are entered in cols 2-5 and 5-9, as:

The next lines contain data which coItrol the .ayou: size

and jesign. Three lines of data are entered here, one for each

I



possible floor. The first line pertains to the top floor, the

second to the main floor, and the third to the basement. If

any of the floors are nonexistent in the layout, a blank line

is left for that floor. In our hypothetical case, only one

floor is available so the first and third of these lines will

be left blank (the main floor is used in one floor layouts).

All three lines have the same format when used. Cols 2-3

contain the col number to begin placement. Always use 01 here.

Cols 4-~5 contain the sweep length to be used in designing the

layout (the number of squares to move right or left before

going to the next row). Small numbers (02,03,04) generally

work best. Cols 6-9 contain the number of squares available to

layout on this floor. Before doing this one must decide on the

square size to use in the layout. One approach is to use the

size in square feet of the smallest dept as the square size

for the layout. In this case it is 250.0 square ft. Since the

square root of 250 is about 15.8 one can fit 20 squares into

the floor space of 5000 sq ft or 5 squares wide by 4I squares

deep. So in cols 6-9 0020 is used. in cols 10-13 enter the

width of the floor in squares (0005), -in cols 14-17 enter the

dep*th of' the floor in squares (00 ) Te next three lines

look ike this:

00000003:3 0000

00030000000000 00d



36

The next data line contains the square size in sq ft, the

rounding factor to use in calculating the number of squares

for each department, the number of layouts to run, the minimum

score required to be saved and the minimum preference to

consider in listing those not satisfied by a particular

layout. In cols 2-6, enter the number of square feet in a

square with a decimal point (250.0). In cols 7-10, enter the

roundinga factor (use 00.6 always). In 11-14, enter the number

of layouts to be run, maximum of 9,999 (say 0005 for this

example), note that it takes a long time to run more than 500

layouts. In cols 15-18 enter the minimum layout score required

to be saved (0650 is used here but for a first run the user

will just have to guess or use 0). In cols 19-21, enter the

minimum preference value to be considered in printing out

those preferences not satisfied for a given layout (001 is

used here but on some 'Layouts one may wish to use a larger

number to limit the list length). The next line looks like

this:

The next data line contains 3fields which specify the

fo rmat to be used for the top, main and basement floors. :f no
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layout is to be done on a particular floor enter (0213) in

that respective field. This is because a border of zeros is

printed around each floor and if there is no layout to make,

then only two rows of two zeros are printed out to signify an

empty floor. in cols 2-7, enter the format for the top floor

layout (since there is no top floor (0213) is entered). In

cols 11-15, enter the main floor format (since there is a main

floor enter an integer 2 larger than the width of the layout

in squares, this layout is 5 squares wide so use (0713)here).

In cols 13-23, enter the format for the basement; since there

is no basement (0213) is used. The next data line looks like

this:

(0213) (0713) (0213)

The next series of lines are department data lines. They

contain a department number starting with 101 and

progressively increasing in a continuous manner through the

last iepartment. Each line also contains a size specification

in square feet with a decimal pt., and an identifier for the

department up to 20 characters long. At the end of these

department data lines a blank line is inserted to signal the

end of this type of data. In cols 2-4 enter the 3 digit

department number beginning with 101 up to a maximum of 163,
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for 63 departments. In cols 7-13, enter the department area in

square feet with a decimal point. In cols 16-36 enter the name

of the department. This series of lines for the example looks

like this:

101 500. RECEIVING RAW MAT.
102 250. RECEIVING PCH. PTS.
103 500. SHEAR
104 250. PUNCH PRESS
105 250. PLASTIC MOLDING
106 250. BRAKE PRESS
107 250. FORM PRESS 250T
103 250. ARC WELD
109 250. WELD CLEANING
110 250. SUBASSEMBLY
111 250. PAINTING
112 250. DEBURRING
113 250. DRILL PRESS
114 250. WIP FOR ASSEMBLY
115 500. ASSEMBLY
116 500. SHIPPING/WHSE

The next sequence of lines contains the preference

matrix. Suppose that from the from-to charts and other

material handling data for the hypothetical factory, the

..ria hanin flow between workcenters has been summarized

in the units of forklift trips per week as follows: 101 to

1^3 is 21 trips/wk, 101 to 105 is 7 trips/wk; 102 to 103 is
lr t s/wk, 102 to 110 is 3 trips/wk; 103 to 104 is 25

trips/wk, 103 to 106 is 6 trips/wk, 103 to 107 is 20

1trips/wk;104 to 106 is 26 trips/wk, 104 to 107 is 3 trips/wk,

I .. .. ..... . ... .... .. ]. .i | 11 1 i i l
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104 to 108 is 7 trips/wk; 105 to 112 is 6 trips/wk; 106 to

103 is 26 trips/wk; 107 to 110 is 19 trips/wk, 107 to 112 is

7 trips/ week; 103 to 109 is 25 trips/wk; 109 to 110 is 25

trips/wk; 110 to 111 is 25 trips/wk; 111 to 113 is 8

trips/wk, 111 to 114 is 20 trips/wk; 112 to 115 is 6

trips/wk; 113 to 114 is 19 trips/wk; 114 to 115 is 21

trips/wk; and 115 to 116 is 28 trips/ wk. It is possible to

categorize these material handling intensities into A for 23

trips/wk, E for 24 trips per week, I for 20 trips per week, 0

for 7 trips per week, U for 0 trips per week and an X

relationship is not used in this problem. Enter in cols 2-4

the department number in the same order as the department data

lines above. In cols 5-67 enter the preferences A,E,I,O,U,and

X with S for the diagonal. Use capital letters only.

Assembling all this material handling data into a matrix

results in a preference matrix which looks like this:

10is
1021JS
11 I 3OUS

I 0^j 4U "I A
133 JO YOU U S

. 103'JJUES
10J3U'JUUUES

I07UUUUJUUJES
31 2!JJJUOUOUUUUS

113UUUUUUUUUUOUS
V114UUUUUUUUUUUS
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115UIUUUUJUUUUUOUIS
116UUUUUUUUUUUUUUAS

The next line contains the preference integer values. In

cols 3-4 enter the value of A (28). In cols 9-10 enter the

value of E (24). in cols 15-16 enter the value of I (20). In

cols 21-21 enter the value of 0 (7). In cols 27-28 enter the

value of U (0), and in cols 33-34 enter the value of X (0).

These values must be right justified in the field. This next

line looks like this:

23 24 20 7 0 0

The next lines contain preassigned area information for

the program to build the preassigned matrix. Suppose that the

truck dock for the factory is located at the northwest corner

of the building and that the user does not wish to relocate

it, so the receiving raw materials department must remain at

its present location. OPDEP allows for this type of

restriction. Since dept 101 has 500 square feet it will

require 2 squ3res to be preassigned for it. The coordinates of

these two squ3res, because they are located at the far left of

the North wall will be 1,1 and 2,1. Suppose the user wants to

keep the Shipping/' warehouse (department 116) in its present

location at the far right of the North wall in two squares
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whose coordinates will be 4,1 and 5,1. The column numbers in

the example go from 1 on the far left to 5 on the far right,

and the row numbers go from I at the top to 4 at the bottom of

the layout matrix. If the user wished to preassign the bottom

right square in the matrix, its coordinates would be 5,4. The

next few lines give complete instructions for entering

" preassignment information.

If no preassigned areas are desired, enter a capital A in

col 2 and hit RETURN. If a particular dept is to be restricted

to a certain floor in a multifloor layout, enter an F in col

2, the dept number in cols 6-8, and the number of the floor (1

is top, 2 is main and 3 is basement) in col 10. If a

department is desired in a particular square or squares of the

layout matrix, enter an A in col 2, a 1 in col 4 (use 2,3,4

etc. if the line is the second, third or fourth continuation

line of a department since only 14 squares can be designated

on one line). Enter the department number in cols 6-9, enter

the floor number in col 10 and enter the number of squares the

department will occupy in cols 11-13(right justify). Enter the

coordinates of each square the department will occupy startin3

with the co., in cols 14-15 (right justify), the rowY in cols

16-17(right justify), and so on for each square to be occupied

by the department. Use 2 cols for the col# and 2 cols for the

row#. Up to 14 squares can be designated on one line, then it

becomes necessary to use continuation lines. When all



preassigned areas have been entered, on the next line put an

A in col 2 and hit RETURN. The preassignment lines for the

example look like this:

A 1 101 2 2 1 1 2 1
A 1 1 15 2 2 4 1 5 1
A

The last line of data required in the data file is the

answer to a question from the program. The question is: Do you

want the sequence of scores generated by the program printed

out? The only time this option is of any value to the user is

when the run is made with new data and the minimum score is

set too high, so no layouts are saved. The score printout

option allows one to see what range the scores were in, so the

mi.nimum score can be readjusted downward. The user could also

look at the average score statistic at the end of the output.

As a general rule the answer to the question should be NO or

blank spaces entered in cols 2-4 This option was added to the

program.as a co)nvenient -means ofl obtaining all the layout

scores for statistical normality testing. The complete 4ataI file of the example problem is provided here:
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December 1, 1979 RECOIL STARTER MFG
13573579
000000000000000000
0102002000050004
0000000000OO000000
250.000.600050650001
(0213) (0713) (0213)
101 500. RECEIVING RAW MAT.
102 250. RECEIVING PURCH.
103 500. SHEAR
104 250. PUNCH PRESS
105 250. PLASTIC MOLDING
106 250. BRAKE PRESS
107 250. FORM PRESS-250T
103 250. ARC WELD
109 250. WELD CLEAN
110 250. SUBASSEMBLY
111 250. PAINTING
112 250. DEBURRING
113 250. DRILL PRESS
114 250. WIP ASSEMBLY
115 500. ASSEMBLY
116 500. SHIPPING/WHSE

101S
102US
103EUS
104UUAS
1050UUUS
106UUOAUS

,* 107UUIOUUS
103UOUOUAUS
109UUUUUUUES
110UOUUUUIUES
111UUUUUUUUUES
112UUUUOUOUUUUS

* L113UUUUUUUUJUOUS
11 4UJJUUuJU:'U:S1 15U'UUUUU~UUU~UOU.
1 15UUUUJ UJUJAS
23 24 20 0

A 1 101 2 2 1 1 2 1
A 1 116 2 2 4 1 5 1
A
NO

Using this file, scores in the 90 to 951 range are easily

achievable within the first 100 layout attempts. The

AT " -. .
4 . .. ..i m l ,, ... .. .•. . .
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percentages refer to percent of a perfect score, where the

perfect score is calculated by adding up all the preferences

in the preference matrix, then multiplying by 2. The 2 factor

comes about because each preference entered is considered to

be 2 preferences by the program. For example if 101 has a

preference of 24 for 108, then the program also counts this as

103 having a preference for 101 of 24. In the example problem

the theoretical perfect score is 795. The original ALDEP

program from IBM, modified to use the same VAX random number

generator, the same scoring subroutine and the same data file,

is unable to design a layout that scores above 34' in 5000

attempts. This data file is available for use as test data in

the OPDEP.TST file. The user may wish to run the program with

this file to become familiar with the program output.

* Some Suggestions for Better Results

hThe program will generally produce layouts in the 75% and

nigher range for any data set, unless the preference matrix :a

unusually complex anj large. The user snould be cautioned

against pacing unnecessary constraints on the layout by

making th3 preference mratrix with extraneous relationships

between departments. really not necessary. if no necessary

relationship exists between two departments, then enter i-
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a U relationship and not some other letter. Too many

preferences in the matrix take some flexibility away from the

designs and unnecessarily complicate the design process.

Another common mistake is to make the square size too small.

There is no advantage to a square size smaller than the

smallest department area.

A technique that proves helpful in finding the highest

possible score for a layout involves running the program th2

first time for about 200 layouts. Then, if some of the highest

scoring layouts have departments laid out in an acceptable

are, preassign the departments to that area for the next run.

Run the program for another 200 layouts, increasing the

minimum score slightly to keep the volume of output down.

Repeat the same procedure on a few more departments until a

satisfactory layout is obtained. This procedure tends to guide

the program in the right direction and eliminate some of the

lower scoring layouts. Also, since the program looks at

preassigned areas as well as areas already laid out when

selecting the next department to place, the preassigned areas

won't lower the score, as they do in the IBM version.

Another method of finding higher scoring designs is to

vary the sweep length parameter. Values from 01 through the

width oif the building may be tried for this parameter. Do not

use a vaue larger than the width of the building in squares

or the layout matrix will be distorted. This technique will

*1

III4l I
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usually uncover sorie better layouts than can be found using

just one value of tn sweep parameter.

On complex layouts it generally is not possible to

achieve a perfect score. However, scores in t 'e '5 to 35"

range are usually achievable within a few hundred attempts.

in evaluating any layout produced by the program certain

factors should be considered. Some of these factors are:

1. The possible azc of conforinmty of department shapes.

2. The possibility of unreasonable results such as the

shipping oepartment being placed in the middle of the

building.

3. The lack of concern for overall facility flexibility and
expaniability.

4. The need for aisle space and work in process area.

It is hoped that the user will enjoy letting the computer

"do the work" once the data file has been written. The program

is of the most benefit on those layouts that are large and

complex. It does a ood job on smaller ones also, but if they

are very small, they nay b- laid out just as well by h3nd.

This program, if prope-ly used, should save time for the user

ii n finding some quite good layouts Anich car. almost always be

improved upon by careful analysis.

I
-v|)) IH IImmmm a
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CHAPTER :V. RESULTS AND CONCLUSIONS

Comparison of Program Results

Throughout the development of OPDEP, the program's

.ayouts 4ere compared with those of ALDEP and ALRANDOM on a

number of layout problems. Three of these layout problems will

oe discussed in thils section.

All programs were run using identical data sets except

.or vhe val-e)of tne "IUS T input for ALDE?, because this value

ihen cnan-ed con mak<e some inprovement in ALDEP's layouts and

tne best value for it varies with the layout problem. As

st3ted previously, all programs use the same random number

generator to control the effect of random chance on the

layouts. The best layouts produced by each program, the best

layouts produced by hand methods (preassigned into the

computer program for scoring verification and uniformity of

appearance only) are all included at the end of this section.

The first layout problem is the one used in the example

problem section: Recoil Starter Mfg Company. This is a

nyptneticai problem of course, but in constructin3 this

protlem lan al the others, an attempt was m,le to make the

dat3 reallstic so the layouts could be evalu ed using common

s- nse as 4ell as the program's evaliution method. in this

problem there are a total of 43 preferences to satisfy anj 14

A 4-
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departments to place anywhere in the layout in order to

satisfy them. Receiving and shipping departments were

preassigned to make sure they would be placed at the outside

edge of the building. ALRANDOM was run first to be used as a

lower bound with which to compare the effectiveness of the

other two programs. Table 2 shows the results of the various

methods:

Table 2 Performance Comparison on Hypothetical Problem 1 *

Program Best score Worst score Average Attempts Time

ALRANDOM 652 196 443 5000 7.3 min.

ALDEP 672 210 452 5000 3.7 min.

OPDEP 752 552 670 100 .8 min.

Hand methods 772 n/a n/a many 6 hrs.

*The theoretical perfect score of this job is 796.

A complete sample output of this problem is provided in

Appendix A. From these resuits it appears that the only

-crpjerize metncd that genera ted a good enough layout to

,cnsier was CDEP. Wit- a reasonably small an uncomplicate

13yo: t problem such as this one, the ncncomputer methods are

sjoerior.

:he next layout problem to be discussed is an actua. one
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and concerns a medium sized agricultural products manufacturer

located in a small town in Eastern Iowa. Data for the layout

were collected in visits with the engineering department at

the manufacturing facility. The actual material handling flow

between workcenters was not directly available. The required

data was gathered by study of the routing sheets and careful

inspection of the material handling system. The company

engineers felt the results would be most beneficial to the

company if those departments which could not be moved, were

constrained to their existing locations. Therefore, 11 of the

total of 33 departments were preassigned for all the layouts.

The facility is one floor, 310 feet by 225 feet; using a

square size of 500 square feet, this equates to a layout

matrix 10 squares by 13 squares. Using the program scoring

criteria, the existing layout of this facility scores 415. The

preference values used in this problem are A=24, E=7, I=3,

0=1, U=O and X=-9. Table 3 shows the results of the various

methods.

I'

f.,
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Table 3 Performance Comparison on Actual Problem *

Program Best score Worst score Average Attempts Time

ALRANDOM 566 94 312 5000 36.3 min.

ALDEP 582 72 310 5000 40.2 min.

OPDEP 792 370 571 500 6.0 min.

Hand methods 342 n/a n/a many 1 day

• The theoretical perfect score of this job is 940.

The only good design produced by a computer program was

the one designed by OPDEP. The large increase in OPDEP's

scores < mpared to the other two programs is partly due to the

much larger number of random arrays that are possible with 33

departments vs 16 departments on the previous problem. The use

of preassigned departments also tends to decrease the

performance of the ALDEP program for the reasons outlined in

Chapter -I. The Engineering staff of this company who wished

to remain anonymous, were favorably impressed by these results

from OPDEP. They commented that they had been unaware that

usable results such as these could be obtained from a -omputer

program, and they expressed a desire to use the program

themselves for this purpose.

The last layout problem to be presented here is another

nypothetical factory called the Bradley Tractor company. This

I
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problem was designed to demonstrate the performance of the

four methods on a very large and complex layout design

problem. This hypothetical company has 60 departments with a

large product line, therefore the material handling flow

between the departments is very high and most departments have

a material handling flow to a large number of other

departments. This problem has been artificially complicated in

this manner to find what effect the complications will have on

the performance of each of the design methods. The dimensions

of the layout matrix are 8 squares by 10 squares on a single

floor. The receiving departments and the shipping warehouse

were preassigned to ensure they would all be placed on the

periphery of the layout. The program is left with 57

departments to lay out. The preference values are A=40, E=32,

I=20, 0=14, U=6, and X=O. Table 4 shows the results of the

various methods on this problem.

Table 4 Performance Comparison on Hypothetical Problem 2 *

Program Best score Worst score Average Attempts Time

ALRANDCM 3773 1.393 2643 533 19.7 mn.

ALDEP 3326 1714 2604 500 21.9 mn.

OPDEP 7104 4774 5939 150 3 min.

Hand methods 7155 n/a n/a many 3 days

• The theoretical perfect score of this job is 13,452.
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ALRA.4DOM

:,.IAL LAYOUT1521 SCORE, 676 EFFICIENCY- 84.9

TOP FLOOR

MAIN FLOORO 0 ,) 0 0 0 0
1 1 1 5 16 16 0

0 3 9 8 14 15 0
0 .3 4 10 11 15 0

7 1.2 6 13 2 0
0 0 0 0 0 0

BASEMENT FLOOR

0 0

AL0EP

-[A[ LI U 7 .4365 SiCORE = 672

TOP FLOOR
" 0 0 ., 0 0 1)

S/ '.6 ti' 0
3 3 5 11 0
do ,3 2 13 1 0
6 9 IC, 2 14 0

) J 0 0 0 0 0
MAIN FLOUR

TERRACE LEVEL

'OLF , _S "k EVALUATION, THIS LAYOUT

* - ,>; ES ALL NECESSARY RELATiJNSHI'S

.
*
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ALRANDM

0RIAL LAYOUT2832 $CORE- 566 EFFICIENCY- 60.2 %

TOP FLOOR

0

MAIN FLOOR
0 0 0 )0 0 9 0 0 0 0 0 0 0 o 0 0 0 0
v I I i3 13 13 13 13 23 27 29 0 0 0 8 8 8 0
') I i IB 13 13 13 13 23 22 30 16 0 0 0 0 9 0

:. ' 1.3 13 13 13 25 22 15 16 14 0 0 0 0 0
1 1 M3 IS 1 18 26 25 15 15 14 7 0 0 0 0 0

Q 1 3 24 18 12 26 10 15 15 14 7 0 0 0 0 0
- 2 0 20 19 1S 213 10 15 15 14 14 0 0 0 0 0

3 3 3 3 3 32 32 11 11 1.4 14 0 0 0 0 0
3 3 3 3 3 19 19 21 21 17 17 0 0 0 0 0
3 3 3 3 3 4 4 4 31 17 33 0 6 6 6 0

) 3 5 3 3 3 3 5 5 5 5 31 33 0 6 6 6 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BASEMENT FLOOR
,*) ')
"9 0

ALflp

Ti... '._A-0uT 121R SCORE . 582

) 0

TOP FLOOR
, J 0 0 0 00 00 0 0 0 0 0 0

I4 I. 13 13 13 15 15 It 0 0 0 8 8 8 0
13 13 13 1.5 1 29 0 0 0 0 9 ')

0 1 I4 13 13 13 13 25 15 19 27 18 0 0 0 0 0
0 4' 1# 17 14 .0 25 19 19 13 7 0 0 0 0 0

,,I L,-4 32 17 12 20 20 26 26 I8 7 0 0 0 0 0
-" -,., 10 17 21 2 : 31 31 138 0 9 0 0 0
3 3 3 3 3 30 11 22 22 18 18 0 0 0

, :3 3 J 3 3 3 1 11 33 33 18 IS 0 0 0 0 0
-, 3 4. 4 21 IS ! 6 6 6

77'~. .7 ~ 1.6 06 6
-, ,, ; o o o. o o ,) o o o

IAIN ;rLO0R

R LVALUAON, r1.: LAYOUT DOES NOT SATISFY TmF FOLO.WIN3

II
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TR-AL LAYOUT 196 PkADLEY MYG. SCURE,3770 EFFICIENCY =  27.3 X

TOP FLOOR

MAIN FLOOR
2 : ': 0 0 0 0 0 0 0 0 0

0 1 44 44 ".2 52 525656 0
" 2 2 31 7 57 57 48 27 0

0 f "2 28 38 46 57 20 6 50 0
o i. 16 1- 13 54 43 58 47 50 60 0
0 42 45 3 32 54 51 25 9 60 60 0
0 36 4 10 23 5 18 49 50 55 02 !' n29 15 26 40 21 18 30 37 37 0
v 35 2' 34 .39 33 17 17 53 0 0 0

0 0 0 0 0 0 0 0 0 0 0

BASEMENT FLOOR
00* 00

T :L LAY UT 121R SCORE - 3326

) 0

TOP FLOOR
, 0 0 o 0 0 0 0 0 0 0 0

0 1 "2 43 33 47 21 9 48 51 18 0
S".,2 3 34 25 24 50 42 31 18 0

35~ 6 40 t'3 0 5Q9955 0
', ''2 5 5 '0 2/6 60 0

- .4 57 57 49 15 12 41 60 60 0
a 3 ; 37 2 7 23 29 51 3 4 11 0

1 7 1 1 :: 14 103 600
16 16 '4 74 445t3 fi 26 2-B8 0 00 9 0 0 0 0 0 0 0 0 0 0

i MAINI FLOOR, ) I'

TERRACE LEVEL

UNDD' 'HE RULES FOR EVALUATION, THIS LAYOUT

' , , OT SATISFY THE FOLLOWING CLOSE RELATIONSHIPS

103(ji~ '04
,'4 1 utb

VI .... 1. ',

V 1.
.t 0
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OPDBP

TRIAL L U,UT 126 DKADLEY TRACTOR MFG. SCORE= 7104 EFFICIENCY= 52.9 %
PERFECT SCORE - 13452

TOP FLOOR

MAIN FLOOR
0 0 0 0 0 0 0 0 0 \) 0 0

'j 1 2 12. 16 16 3, 54 54 53 51 0
3 4 15 38 36 52 S! 415 46 0

2 S . 40 37 37 56 56 42 55 0
10 5 9 41 17 17 58 5; 57 6O 0
11 19 I! 14 1.1. 13 47 59 57 60 60 0
19 24 25 50 50 50 43 30 29 0 0
20 23 21 2: 41? 2 44 483 31 0 0
.- 22 26 34 35 33 4%4 32 7 0 0
0 0 0 0 0 0 0 0 0 0 0

BASEMENT FLOOR

70 HE P -'FJE ENCE TADI-E INPUT FOR TWIS
JO1f ANL NOT INCLUDIN; THOSE LESS THAN 40, THIS
A'.YU-T DOLES NUT SATISFY THESE PFENCE3

DEF'T NBRS TYPE PREF DEPT NBRS TYPE PREF DEFT N1BRS TYPE PREF
i;9 102 4 121 102 A 132 102 A
£11 1)3 A 136 103 A 107 104 A
1. 04 A 117 105 A 104 107 A
:5s lj A 103 111 A 104 114 A
1.01' 1.i0 A 1 '2 116 A 105 117 A
132 1. 1 t A 102 119 A 102 121 A
!,)'2 1. 3 " A ~ 1 IpJ Aj
116 1.4 A 1J9 1 '5 A
!53 ;57 A 154 157 A

'* NOTE ** THE AbOVE LIST DOES NOT INCLUDE 98 PREFERENCES HALF SATISFIED
iECAuSE OF A SOUARE DETWEEN THEMi WHICH INCREASED THE SCOR OF THIS LAYOUT
BY11'34. [T IS FOSSIBLE TO SATISFY ALL PREFERENCES BY THESE CRITERIA AND
GLT A. 'KRFFCT SCORE

Hi4,S LAYOUT SATISFIES 108 OF 134 PREFERENCES INPUT THAT ARE > OR = 40.

LEGEND CF DEPARTMENTS USED IN LAYOUT

'ECV'G RAW MA',RZIAL- 2, ,AW ,MTERIAL WHSE. 3 SHEARI
5j:?4AI 6 Iflopiono 1.

:'NwonsE2 8 PUNCH PRESS 50T 9 PUNCH PRESS" uj-':i r's 25T 11 DRAHE 100T 12 B (AH 5OT
.3 ,WAHE 50T 14 FOnM PESS 200T 15 FORM PRESS
5 ,)rL WELDING 17 SPOT WCLDING 18 MIG WCLDfr:
/.9 L.THET1 20 LATE2 21 LATHE3

ruFM:T LATHE1 23 VERT MILL.I 24 VERT ILL 2
"_ :3Rl: '1I:LLI 26 Homiz MzL.2 27 TuRRET LA?;H2
: 2: ' :,' i: 29 CI ' CL S C A #0 SPIN MACH1

1 ;PZN MACH- 32 BAND SAW 3 CuT OF" MACH
,4.,IF! )E t135 THA3AEA2DGE ROLLER

;7 i 38 ROLLEAI 3 .OL.LEA2
4I SWEDGE PIN 42 T)R1ILL oRgSSI

'. .M' OTTEP 44 O P. PfESS2 45 PRESS 251-is , *n.ss 30" f.7 DC-'1pnS rNGI 48 DEDURRINQ2
'IAND MCLD *0 LASIG1 :Cma rfr: "' J -l I Aj* 3 PLAS7:C ASSY ;4 iUs /S ISL Y

C'RC,4.,.- PARTS REC 56 WIF ASSEmsLy 57 FTNAL ASScM
:. LNSJ.7rON1. 59 INSPECTZON2 60-- S4tP' ING

4,



UO ,-!iCDS (CCMPtVrT. 3-C=z)

T'L:L LAYOUT 2 BRADLEY TRACTOR MFG. SCORE= 7156 EFFICIENCY= 53.2 %
PERFECT SCORE , 13452

TOP FLOOR0 0

MAIN FLOOR
0 o o 0 0 0 00 0
0 2 12 16 16 42 45 46 56 52 0
o 2 3 4 !' 3S 36 39 51 56 52 0

C2 4 0 7 3s; - 545
10 b ' ,1 17 .37 59 7 60 0

9 ~.1 .4 1 34, 5~ 57 60 60 0
o, 24 5 ." O0 !50 43 30 29 0 0

0 2 23 21 22 49 27 44 48 31 0 0
0 22 22 2.5 34 35 33 44 32 7 0 0
0 0 0 0 0 0 0 0 0 0 0

DASEMENT FLOOR
0 ')0

rI.ING -; 7HE FREFEHENCF TADiLE INPUT FOR THIS
J NY ANO 0T INCLUbING THOSE LESS THAN 40, THIS

_ATUL : .OES NOT SATISFY THESE PREFENC13:
DEPT • .P TYPE PREF DEPT NBRS TYPE PREF DEPT NBRS TYPE PREF
. '" 1.02 A 121 102 A 132 102 A
il] 10,7 A 136 103 A 107 104 A
t-4 10'. A 117 105 A 104 107 A
11. 107 A 103 111 A 10 4 114 A

I3 1.3 2 A 103 136 A

NOTE ** THE AEOVE LIST DOES NOT INCLUDE 96 PREFERENCES HALF SATISFIED
CAU9L OF A :OQUAKE i:.ErWLEN THEM, WHICH INCREASEI THE SCORE OF THIS LAYOUT

NY113,. IT IS POSSIBiLE TO SATISFY ALL PREFERENCES BY THESE CRITERIA AND
CET A rE diCT SCOFRE

ii'.A'UIJT SATISFIES 114 Ofr 134 PREFERENCES INPUT THAT ARE ) OR 40.

LEGEND' OF DEPARTMENTS USED IN LAYOUT

] E :':. RAW MATERIALS 2 RAw MATERIAL WHSE. 3 SHEAml
5 S .CAR.3 6 InoNwoRxEs1

0 woA, xFt A PUNCH PmEss 50T 9 PLNCH PRESS

,If, J , "ss 25f 11 BRAHE tOOT 12 BRAKE 50T
..AKE '.

' r 14 FoM P EEs 200T 15 FoRM PRESS
S.-'F fF:-DIN5 17 SPOT WaL:ZNG t8 MIG WELDING

;'I_, TmCI 'S LATHE2 It LATHE3
''j; .'LT LATHE1 VCYnT MILLI V24 rT MILL2

2' HJ3 R ,LL1. 26 Ho rz MtLL2 27 TuRRET LATHE2
Fl " L'; -,,. r n: 29 C:n.CLE S04CAM 30 SPIN MACHI

. prt M"CH2 32 BAND SAW 33 CuT O)FF MACH
" , -, . 35 THREADE 2 36 EDGE ROL-ER

:, 1 I--5EM13LV1 30 kOLLER! 39 OLLER Z
. AL~~4 SDGI E 2RILL PRESSv-,4E 48L PES PRESS 25T

s - ' TEFA7 D 'au FA Ft: N G1 4 DESURPING,
4- "(;Lj 1 50 CA -tN 51 IN... MOLDiNG
5. ' T " T -(, 53 PLASTtC ASSY 54 S UB.S SMI.LY

' C 4ASS PARTS AEC 56 WIP ASSEMBLY 57 FtNA.. ASCEM

* F
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The methods of Chapter !I! were not used in these

comparisons because they are intended to show the best results

the programs can achieve without outside interaction by the

user. If the methods of Chapter !I! are used to guide the

program's designs, then layouts which exceed the best ones

designed by hand methods can generally be achieved. in the

Bradley Tractor problem scores in the 7300 range were obtained

by this method. The next section discusses the relative

performance of the programs.

Conclusions

The superiority of OPDEP over the other programs is even

more apparent in the last problem than in the first two

problems. The best scores generated by the ALDEP and ALRANDOM

programs are only about 5013 of the best score generated by

OPDEP. The improvement in performance of OPDEP over the other

programs seems to te proportional to the size and complexity

of th.e problem involved. This is as one might expect in view

:f :te logic which governs je-partment placement in each of the

Programs. The superiority of ALDEP over ALRANDCM cannot be

concluded from the results of these layout problems, nor from

any of the other problems attempted by the author. It appears

4
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that both programs produce approximately equal layout designs

on any given problem and they are both more dependent on the

random number generator than anything else. In all the layout

problems attempted by the author, the noncomputer methods

eventually enable one to design a layout that is better than

any designed by a program without interaction by the user.

However, using the techniques in Chapter ITT of this paper,

even better designs can be made by the OPDEP program.

The OPDEP program is still limited somewhat in its

performance by some of the inherent characteristics of the

design algorithm. :n this section some of these problems will

be pointed out to the reader.

The OPDEP program is restricted to producing those

designs which are possible by following the design pattern

determined by the LAYOUT subroutine. This pattern can be

varied by changing its parameters, but some designs are

prevented from developing because of this pattern. It is

possible that some of the eliminated designs would be very

good ones, so it seems that a more variable pattern should be

4evelaped to allow ore flexibility in the designs. Perhaps a

-esign tn=t starts in the mide and spirals outward to the

na:rix boundaries would be a better alternative.

Another fauIt cf the program is a tendency for multi-

square departments to be divided into several parts when a

large number of preassigned departments are present.

A



53

Fortunately this does not happen often, but it is annoying

when this problem ruins an otherwise good layout design. Th?

changes required in the program to correct this problem would

not be difficult to make.

An additional feature that would make the program more

flexible, would be the added capability to include a

preference for a department to be placed next to the periphery

of the layout. This would be useful for ensuring that shipping

and receiving departments or dock areas would be placed in a

reasonable location on most layouts. It is now necessary to

preassign a dummy department representing the walls of the

facility and include a preference for this dummy department by

the department of interest or to preassign the department to

the periphery of the layout. The preassignment alternative

places additional limitations on the layouts that are not

always necessary and removes some of the flexibility from the

layout process.

T"e program is also unable to look ahead as the design

progresses to make decisions that will improve the design at

a ~er point. This is the th i ng which usually allows the

,:2me., min. to *ome up with better desi rs,. his, 'ook ad'

o :.e p is smething that wo Ld be exeeJin ly JifficuIt if

notmposibe, ta implement in 3 computer program. This

s.crtcoming is partalely offset by the speed of the computer

and tne vast number of designs that can be made on each run.

4'



It was not the author's objective in writing this paper

to attempt to convince the reader of the superiority of the

computer in plant layout design. The intent was rather to show

that computer methods (OPDE-P in particular) , can be very

useful in solving layout problems and they can eliminate most

of the tedious work involved in attempting to find the

optimum design combination. The final example in the previous

section was a problem that most people would be reluctant to

solve by conventional plant layout techniques. It is a problem

comparable in some ways to a linear programming problem with

60 variables and 241 constraints (the number of distinct

preferences in this problem's preference matrix). The marginal

improvement in the score of the hand made layout, as compared

to the one generated by OPDEP is so small that it may not have

been worth the effort.

The designs generated by OPDEP are not to be viewed as

final designs or optimal designs. They are rather to be viewed

as reasonably good design alternatives that may be unrealistic

in some respects, but are at least a good place 'to start

applying analysis and reasoning towards some optimum solution.
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APPEND7X A. SAMPLE OUTPUT FROM THE OPDEP PROGRAM

I4



I 57

FACILLITIES LAYOUT - DESlGN PROGRAM - (.PDEP

'.;TfoI ING NEW JOU, RUN CODE = RECOIL STARTER MF DATE DecKMarm i, 1979

,NANLIOM N(;. SEEDS ARE 1357 3579

zUJAh4 SIZE IS 250.0

NUMBER OF LAYOUTS REQUESTED IS 5

"MIN ACCEPTAJLE SCORE IS 730

VARIABLE FORMAT FOR THE LAYOUT MATRIX IS (0213) (0713) (0213)

SWEEP LENGTH FOR TOP FLOOR 0

SWEEF LENGTH FOR MAIN FLOOR 2

SWEEP LENGTH FOR BASEMENT 0

INPUT MATRIX
101  SI ) , 1, ':;
l'R u S
1Y L -I SlO4 I., 'J ,%
105 U U u U S
10, U j Ll A U S
1., U U 1 0 U K S
",13 U 0 U 0 U A U S

6O? U u U U U U U E 
110 a 0 U U U U I U L S
111 U U U U U U U U U E S
12 U Ij U U 0 U 0 U U U U S
i U U U U U U U U U U [I U SJL, U U 'J U U U U U U U I U I S
I ,j I U U U U U U U U U 0 U I SI Ij U U U U U I J uJ U U UJ U U U A S

EXPLANATION OF PREFERENCES

A-"E:P PtSEMTS, THI: HIGHEST CATr(om v OF M/H ACTIVITY
E-REPP £ESNT3 A L4AAOE AMOUNT Or M/H ACTIVITY
-RCpR.E9NT5 A MEDTUM AMOUNT OF M/H ACTIVITY

O-KIFPR ENTS A SMALL AMOUNT Or M/H ACTIVITY
W -!E:PnESENT S NO MATtnflAL HANDLING ACTIVITY
,<-REPRESENTS NO M/H ACTIVITY

NUMFPICAL VALUES OF PREFERENCES

.- = 2G

L =24
I =20

= 7

X U

' 3L2 kiNl 'OF LA UIJTS
" 'Wo [EE,' TME.TS AklE LA!:' 'UT ;ADJACENT, CITHER

U P"FR'EN[,:CUL.F' TUJ EACH TUTHER, THE
' ',.' iTk! h iFERENCE iS )DriDUD TO THE LAYOUT

U;;C]K, IF ,OW 1EFTS ARE SE 'ARATED ?Y ONE SQUARE
AC~ ORLLt UR PJ'NDICULAk, hALF OF THEIR PREFER-

::'i Is A:DEII ", THE SCOPE. THOSE DEPTS SEPARATED
.; roR: THAN 'INE 5OUARE HAVE NONE OF THEIR VREFE
, 4CE ADDED 0 THE SCORE.

V.
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DECODE MATRIX

I 01 101 1 1 " 0"00 0 0 0
"" 3 4 5 6 1 9 0 1 2 3 4 5 6 7 G 9

I o o 0 24o 0 0 o 0 0 0 0 0 0

1U,04 0 028 0 Q2l 7 7 0 0 0 0 0 0 0 0
105 7)000000000070000

0 8 7 82 08,,24 808 8 0 0 8
1 0 0 00 0024 0 0 0

1. 07 9 " 0 020 024 04 0 0 0 0
31 000 0 00 0 0 0240 07200 0
:3 00--0707000000070

i '0 0 9 0 0 0 0 0 7 0 020 0 0
t3.¢ 0 0 0 0 0 0 0 0 0 020 020 020 0
1. 5 )20 O 0 0 0 0 0 0 0 0 7 020 029
116 0 0 0 0 0 0 0 0 0 0 0 0 0 02S 0

rTI. 'IUMPI:R OF SQUARE'S IN BLDG.= 20
TOP FLOOR SQUAREST 0
MIN FLCJOR SOS. - 20
BASEMENT SUUARES= 0

fOTAL SOUJARES AVAILABLE TO LAYOUT= 16
TOP FLOOR SQUARES= 0
Ar v4 , j9 cos = I.

SdUARES=

rOrAL PREASGNEII buS ALL FLOOR.S= 4
TOP FLOOR SOUARES= 0
MAIN FLOOR XOS. = 4

A SE?,ENT SQUARES= 0

ruTAL SOS REOTI. FOR ALL DEF'TS: 20

TOTAL bUFFEI;: SQUARES AVAILABLE= 0

iU. UIEPTS TO FIE i'LACEII BY THE DESiGN PROGRAM- 14

NO. SOS TJ BE PLACED BY THE DESIGN PROGRAM = 16

F m" ;r:Wf RE{OUHErl ARA NO. SOUAES NAME
500.000 0 REIVIN8 RAW MAT

0 250.000 1 R IV N PURCH.

PRESS
250.00 1 PkASTIC M OLDINGi,) 0. 000 B B AKE PRE S

I FORM PRESS-250T
02.). 000 AkC WELD

" .WED CLEAN
SUBASSEMPLY. 0. FAINT:NG

).000 . LIRLL PRESS
0.)0), 1 W'P (ASSY)

5 ,',( . 00 0 A §S EM L Y
*I N WAREHOUSE

1 10
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TRIAL LAYOUT 2 RECOIL STARTER MF SCORE= 730 EFFICIENCYq, 91.7 %

PBRFECT SCORE = 796

TOP FLOUR

MAIN FLOOR9 0 02 0 0

* 7 1.4 1"~ 0
L,.J ' Li O 9

BASEME.NT FLOOR

A f L3 3 TO THE PREFERENCE TABLE INPUT FOR THIS
jC) ANL NOT INCLUDING THOSE LESS THAAN t, THIS
.U r O'LS NOT SATISFY THESE PREFERENCFS:
:,'T N1.1RS TYPE PREF DEPT NBRS TYPE PREF DEPT NBRS TYPE PREF
.05 1)1 0 108 102 0 110 102 0
I'd 1 105 0 102 108 0 102 1- 10 U

SNOTE .* .,: ADEOVE LIST DOES NOT INCLUDE 6 PREFERENCES HALF SATISFIED
.. LAUSE OF A SUUARE DETEEN THEM, WHICH INCREASED THE SCORE OF THIS LAYOUT

IS. , .r5 PFOSSI11LE TO SATISFY ALL PREFERENCES 4Y THESE CRITERIA AND NOT
A FERFECT SCORE

il S L.,Y liJT 'SArISF!5 42 OF 48 PREFERENCES INPUT THAT ARE ) OR = 1.

LEGEND OF DEPARTMENTS USED IN LAYOUT

:E .,IG WA. MAT 2 RECEIVING PURCH. 3 SHEAR
rUNC: " E:5 PLASTIC MOLDING RAKE PRESS

0 t' 'T ARC w L 7 E ULD CLEAN
, 5Ui..ASSEMELY 11 PAINTING 1.2 DEBURRING

.]: hq'LL PRESS 14 WIP 'ASSY) 15 ASSEMBLY
i P .I N:. IPF' N,'WAkEHOUSL

LNv 0.I tHl':i JOH

IOTAL iESIGhN' .... 5
TOTAL ACCEPTED ... I

Ali3AGL SCUFJ3 .F ALL LAYOUTS IS 670

, MINIMUM SCORE is 6C0 MAXIMUM SCORE IS 730

. :HEGET I L FFECT SCORE OF THIS JOB IS 796

,:].*E F'I.NT,, T SU44' 'ESSED

.-.-
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APPENDIX 3. PROGRAM TO TEST RANDOM NUMBER GENERATOR
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30-JAN-19380 14:05:05 VAX-i FORTRAN IV-PLUS V1.3-22
UNITST.FOR. 1

C THE PURPOSE OF THIS PROGRAM IS TO TEST THE PERIOD Or
THE VAX PORTLIBRARY FUNCTION UNIFORMLY DISTRIBUTED

[ RANDOM NUMUER GENEMATOR-UNIP WHEN USED TO GENERATE
C AN ARRAY OF RANDOMLY ORDERED NUMBERS. THIS ARRAY IS

LIMITED TO THE RANGE I TO THE ARRAY SIZE WITH NO
. DUPLICATE NUMBERS ALLOWED IN THE ARRAY.

C F1.9ST SET UP THE ARRAY SIZE AND SEEDS.
DIMENSION NkANDM(63) ,NTEST(63)
PRINT W 'LNTER RANDOM GENERATOR SEEDS

9

READ *.p NMOD' NMOD)1
CALL. RANSET (NMOD sNMOf1.)
PRINT *PENTEF NTIMES AND NOD'
READ *P NTIMESiNOD
PRINT *,'ENTER MAXIMUM CYCLES TO TRY'
READ IfMAX
XNOD=NOD-1N SUM=0

NLI--0C
C Now GENERATE THE ARRAY FOR WHICH TO FIND A DUPLICATE
C OV.

DO 1000 1=I,NTIMES
< NT-

NO=
Do 2099 J=iNOD

NRANDM (J) =0
2099 CONTINUE

210 YFrL-: UNI (0)
N=IFIX (YFL*XNOI+.5) +1

212 no 2126 J=1,NO
212 I(NAN•M(J 2712 ,'.0 ft.9

2.26 CONTINUE
2 127 NA ANDM (NO) =N

NO=NO+ 1.
IF(NO-NOD) 2101210,2128

C NOW PLACE THIS OBJECT ARRAY IN AN ARRAY CALLED NTEST.

812t3 DO 50 K-::IJOD
NTEiT (<) =NRANDM ()

S 0 CONTINUE

C Now BEGIN GENERATING A SERIES OF ARRAYS TO COMPARE
C WITH THE ARRAY IN NTEST.

, C7
500 NO-1

:)G 3099 JJ=1,No4
NRANI)M (JJ) =0

3;. YFL=UN[ (I.)
N=IFIX k'FL*-'N0D+. 5) +1

312 DO 31.26 JJ=1,NOI I(NRANDM JJ) -~) 3121,310,3121



72

3--JAN-j
9 80 14:05:05 VAX-lI FORTRAN IV-PLUS VI.3-22

UNITST. FOR. 1

3 1.21 IF(N RANDM (JJ))3126,3127?
3 1 2 6

3 1.2 16 CONTINUJE
3127 NRANI)M (NO) :'N

NO=NO+ .
IF(NO--NOD)310

3
1O,

3
..
2
8

3129 (NT-: (NT+ 1

IF(KNT.GT.MAX) 00 TO 9999

I. NOW COMPARE EACH GENERATED ARRAY WITH NTEST TO SEE

IF A DUPLICATE HAS BEEN FOUND.C
Do 200 IJ::I,NOD

rr(NRANI)M(IJ).E£ .NTEST IJ)) THEN

IF (IJ.En.NOD) THEN

IF A MATCH IS FOUND PRINT A MESSAGE

tiHEN GENERATE A NEW NTEST ARRAY.

PRINT *?'A DUPLICATE NRANDM ARRAY HAS'

PRINT W4,'REEN FOUND IN ,I(NTy'CYCLES.'

NS UlIM=NSUM + KN T
Go To 1000

END IF

ELSE
6o TO

END IF

200 C oNT N NUE
(5o TO 500

.000 CONT)INUS:
9'9'? P RINT i "fNT ' K NT

IF($NT.GT.MAXi THEN
NSUM-NSUM+NNT
NCYCAV=NSUM/I-1.

ELSE
NCYCAYNSUM/NT IMES

PRINT *?'AVERAGE # CYCLES BETWEEN DUPLICATE 
ARRAYS?

PRINT I* t
p
tNCYCAV

PRINT *,'FOR AN ARRAY SIZE OF'INOD

STOP
END
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ARPENDTX C. FLOW4 CHART OF OPDEP
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FLOW CHART FOR OF'DEF

OF'DEP MAIN F'lOGRAM

INITIALI2E VAR IABLES

SET UP rNPUT AND OUTPUT MOUES
AS PER USER PREFERENCE.
SUPPLY DETAILED PROMPTS FOR
INITIAL_ DA-TA ENTRY.

READ IN f)ATA. DO LIMITED E:RROP,
iCHECJING. PRINT A DIAGNOSTIC AND
TERMiNATE IF AN ERROR 3:S FOUND. 

CALL UECOE
CALL ASS [GIN

PFRINr OUT AREA SUMMARIES AND
SIGNIF]:CANT INPUT D)ATA FOR USER
REFE ENCE IN DEBJUGGIN(G.

CALL LAYOUT -

CALL EVALU

THE SCORE
EET THE m:NImum -T] N

SiP E"c I:(F IE ) ?

'Es

ZSND' THE LAYOUT TO
FILE OR THE SCREEN

AVE
LL RELIUESTE

DESIGNS BEEN NO
COMPLETED?

YE S

I PRINT OUT STATI ,TICS;
ON THE C:OMPLETEIJ) JOB.
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SUIRUCiUT I NE 1JECODE

REAI) IN THE USER SUPPLIED VALUES
CORRESPONDING TO A)EIOUX.

CONVERT THE A,EIEOUX MATRIX
TO A CORRESPONDING MATRIX OF
INTE 5ERS.

RET U R N

SUIJOJTINE ASSIGN

READ IN THE PREASSIGNED DEPARTMENTS
AND TABULATE THEM INTO A MATRIX.

COMPUTE PREASSIONED AREA TOTALS ON
ALL THE FLOORS.

RET UI I

SUBRF[)UTINE EVALU

EVALUATE THE SUCCESS OF THE LAYOUT AND
SELECT SUBROUTINES IN DESIGNING A LAYOUT
WHICH MEETS THE CONDI:TIONS OF THE
PREFERENCE MATRIX.

EACH PREFERENCE FULLY SATISFIED RECEIVES
FULL VALUEY EACH PREFERENCE HALF SATISFIED
RECEIVES HALF VALUE.

A
CALCULATE THE INCREASE IN SCORE CAUSED
BY CONSIDERING DEPARTMENTS SEPARATED BY
ONE SOUARE AS WELL AS THOSE THAT ARE
IMMEDIATELY ADJACENT TO EACHOTHER.

RETURN

I..



SU iE OIUT i N U LAYOUT

TEST TO ,EE IF ALL I)EPARTMENT
F IT ON FLOOR . PR i.N F IA GNOST IC
ANLD TE-FrM':NATE IF" NOT.

FI( F7I R ST k NEXT) DEPARTMENT TO
PLACE RANDOMLY.

PLACE THE DEPARTMENT 3:N COM-
PLIANCEWITH THE DESIGN PATTERN.
UNTIL THE RERUIRED NUMBF.R OF
SRUARES HAVE BEEN LAID OUT.

F;HI TTUE::

WHLC AU SJN TE PNAFtT ME

TO LCE OR HAS HOUT

SELECT

. E S TEEN .ErURNED

A NEXT FL'OR

F NOT

F', -T U F: N

AE-POI TI NK SEL,(T

FE),ALL THE DEPARTMENTS
WHICH SURROUND THE NEXT
SLUARE TO LAYOUT.

bEARCH THE PREFERENCE
MATRIX FOR ALL ALTERNATIVE
DEPARTMENTS TO CHOOSE FROM.

IE -UATE ALL ALTERNATIVES
ND COOS)EN THE NEPART

4H I -H WILL MA.I 1 TE
iHE LAYOUT SCD AT THIN

& ETURIN THIS DEPARTMENT4

SURROUNDING THE NEXT

FLAG TO INIICATE THIS.
f

RETURN




